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Recent research into the nature of the frequency effect in immediate serial recall has 
revealed that some aspects of the mnemonic influence of word frequency over the short-
term are not well accommodated by current explanations of the effect (i.e. item-based 
redintegration). In particular, the finding that how well a word is recalled is dependent on 
the relationship between that word’s frequency and the frequencies of other list items 
suggests that processes far greater in complexity than previously assumed underpin the 
encoding, retention and retrieval of to-be-remembered material. This thesis assesses the 
word frequency effect according to two lines of investigation. It firstly examines the 
relationship of word frequency with a second lexical-semantic variable, concreteness, and 
determines that (i) the size of frequency effect obtained is influenced by the concreteness 
of the stimuli, and that (ii) these variables appear to behave similarly across serial 
positions. The architecture of language-based models of STM is argued to be consistent 
with these findings. A second series of studies considers the influence of item 
arrangement in lists of mixed frequency and uncovers the presence of directionally-
sensitive and non-directional associative effects operating in the early and late serial 
positions, respectively. These results are also considered to be most compatible with 
language-based explanations of memory given their capacity to reflect associativities that 
have developed through natural language use as well as their accommodation of early-
stage lexical-semantic influences. However the transformation from directional to non-
directional associativity as list recall proceeds requires further research to better articulate 
the responsible mechanism(s). Possible future avenues of investigation are presented, and 
the research is discussed with reference to broader theoretical issues (e.g. the separation 










Firstly, I would like to acknowledge and to thank my supervisor Steven Roodenrys for 
his continued support in completing the many facets of this project, and his enduring 
patience with my perfectionism. I owe thanks to my co-supervisor Stephen Palmisano for 
his words of encouragement and advice. I would also like to recognise the assistance of 
the staff of the School of Psychology during my time as a postgraduate student; their 
interest in my work and support in the day-to-day aspects of study has meant a great deal 
to me. To my fellow postgraduate students, thank you for sharing, normalising, and 
cheering me over the line. Lastly, to my friends and family I must express my deep 
gratitude for the patience and support given to me throughout this process – thank you for 
enduring my absences and preoccupations with grace and good humour. I promise to be 
more available to you all very soon!  
  
 v 
Table of Contents 
 
                   Page 
 
Thesis Certification……..…………………………………………………. ii 
Abstract…………………………………………………………………...... iii 
Acknowledgements………………………………………………………… iv 
Table of Contents………………………………………………………….. v 
List of Tables……………………………………………………………..... xvii 
List of Figures……………………………………………………………… xix 
 
Chapter 1 The Frequency Effect in Serial Recall…………………… 1 
  1.1 Background………………………………………….        1 
  1.2 Motivation of the thesis……………………………..       2 
  1.3 Objectives of the thesis……………………………...        2 
  1.4 Structure of the thesis……………………………….        3 
Chapter 2 Definitions and Historical Perspectives…………………...       5 
  2.1  Introduction………………………………………….       5 
  2.2  Word frequency……………………………………..        5 
2.3  Word frequency effects in language processing  
tasks and other memory tasks……………………….        6 
2.4  Verbal short-term memory…………………………..       7 
2.5  Measures of serial recall…………………………….        7 
2.5.1  Word span…………………………………...        8 
2.5.2  Serial recall of supraspan lists……………….        9 
2.6  Early accounts of STM………………………………     10 
   2.6.1  Unitary versus two-store conceptions……….      10 
   2.6.2  Two-store models……………………………      12 
    2.6.2.1 Atkinson and Shiffrin (1968, 1971)…      12 
    2.6.2.2 The working memory model  
(Baddeley & Hitch, 1974)…………...      14 
  2.7  The unit-sequence hypothesis and the word  
frequency effect in serial recall……………………...      15 
  2.8  Conclusion…………………………………………...     16 
 
 vi 
                   Page 
 
Chapter 3 Word Frequency and Memory Span…………………….. 17 
  3.1  Introduction…………………………………………  17 
  3.2  Memory span of pure and mixed lists……………….  17 
  3.3  A relationship between word frequency and  
rehearsal……………………………………………..   18 
  3.4  Memory span of pure and mixed lists across age  
groups……………………………………………….    19 
  3.5  Memory span and articulatory suppression…………    20 
  3.6  STM and phonological LTM………………………..    23 
  3.7  Word frequency, word length and speech rate………    28 
  3.8  Word frequency and LTM variables………………...   29 
   3.8.1  Age of acquisition (AoA)…………………...    29 
   3.8.2  Phonological neighbourhood effects………..    29 
   3.8.3  The language-based model of R.C. Martin,  
Lesch and Bartha (1999)……………………    31 
    3.8.3.1 A role for interference in the  
language processor? ………………………...      32 
   3.8.4 Redintegration and LTM language  
representations………………………………      33 
  3.9  Summary…………………………………………….      34 
Chapter 4 Word Frequency and the Serial Recall of Pure  
Supraspan Lists…………………………………………….     36 
4.1  Introduction…………………………………………     36 
4.2 Word frequency and the modality effect……………      36 
4.3  Word frequency, and item and order information…..      37 
4.3.1  Item analysis………………………………...      38 
4.3.2  The reconstruction hypothesis………………      39 
4.4  The word frequency by serial position interaction….      39 
4.4.1  The multinominal processing tree (MPT)  
model of Schweickert (1993)……………….      39 
   4.4.2  Hulme et al. (1997) Experiment 2…………..      41 
    4.4.2.1 Item analysis………………………...     42 
 vii 
               Page 
 
4.5 Word frequency and word length…………………...      42 
  4.6  Word frequency and backwards recall………………     42 
   4.6.1  Hulme et al. (1997) Experiment 4…………..      42 
4.6.2  The redintegration hypothesis for word  
frequency in serial recall…………………….     43 
4.7 Word frequency and set size………………………...     44 
4.8  Word frequency and age…………………………….     46 
4.9  Word frequency and phonological neighbourhood…      47 
   4.9.1  Allen and Hulme (2006) Experiment 2……..      47 
    4.9.1.1 Item analysis……………………….         48 
   4.9.2  The psycholinguistic model of N. Martin  
and Saffran (1997)…………………………..      50 
  4.10  Summary and conclusion……………………………     51 
Chapter 5 The Frequency Effect in the Serial Recall of Lists: 
The Case for Inter-item Associativity…………………….      53 
5.1  Introduction…………………………………………      53 
5.2  Co-occurrence/familiarisation effects on word  
frequency……………………………………………      53 
5.2.1  Familiarisation by pairwise association……..      53 
5.2.2  Association-based accounts in free recall  
(Deese, 1959, 1960)…………………………      54 
   5.2.3  The Stuart and Hulme (2000) experiment…..      54 
    5.2.3.1 Item analysis…………………………     56 
   5.2.4  The associative links/item co-occurrence  
hypothesis……………………………………     57 
  5.3  The word frequency effect in randomly constructed  
lists…………………………………………………..      57 
   5.3.1  Roodenrys et al. (2002) Experiment 4………      57 
    5.3.1.1 Item analysis…………………………     58 
    5.3.1.2 The frequency effect in random lists  
in terms of associative links…………     58 
           
 viii 
         Page 
 
5.3.2  Miller (2004)………………………………..       59 
  5.4  The word frequency effect in alternating lists………      59 
5.4.1  The frequency effect for mixed lists in free  
recall…………………………………………      60 
5.4.1.2 The order-encoding hypothesis……...      60 
5.4.2  Predictions for alternating lists………………     61 
5.4.3  Serial recall of alternating lists with closed  
word pools…………………………………..      62 
5.4.3.1 Item Analysis………………………..      62 
5.4.3.2 Latent Semantic Analysis (LSA)……      63 
5.4.4  The serial recall of alternating lists with  
open word pools……………………………..      63 
5.4.4.1 Item Analysis………………………..      64 
5.4.5  Serial recall with alternating lists of words  
and nonwords………………………………..      65 
5.4.5.1 Item analysis…………………………     65 
5.4.6  Associative and item-based processes in  
serial recall…………………………………..      66 
5.4.7  The Temporal Context Model (TCM,  
Howard & Kahana, 2002a, 2002b)………….      68 
5.4.7.1 The TCM as an explanation of the  
effects of pre-experimental  
associations on recall………………...     68 
5.4.7.2 A critique of the reported  
instantiations of TCM and data  
analysis underpinning its  
explanatory capacity…………………     69 
   5.4.8  A note regarding the use of corpora in LSA…     70 
5.5  Word frequency in alternating lists with incidental  
learning………………………………………………     71 
    
 
 ix 
                   Page 
 
5.5.1  Conscious manipulation of memory 
processes…………………………………….      71 
5.5.2  Morin et al. (2006)…………………………..      71 
5.5.3  Basic memory processes as a source of the  
mixed list paradox…………………………..       73 
5.5.4  The item-order hypothesis…………………..       73 
5.6  Summary…………………………………………….      74 
Chapter 6 Alternative Explanations to Inter-item Associativity for  
the Frequency Effect in the Serial Recall of Lists………..      77 
6.1  Introduction…………………………………………       77 
6.2   Item co-occurrence effects and word frequency  
revisited……………………………………………..      77 
6.2.1  Familiarity confounded with set size………..      77 
6.2.2   Saint-Aubin and Poirier (2005)……………...      78 
    6.2.2.1 Item analysis…………………………      79 
6.2.3  Familiarisation mistaken for associative  
links/item co-occurrence…………………….      80 
6.2.4  A comment on the studies of  
Stuart and Hulme (2000) and  
Saint-Aubin and Poirier (2005)……………...      81 
6.3  Item distinctiveness as a factor in the frequency  
effect in serial recall…………………………………      82 
   6.3.1  Saint-Aubin and LeBlanc (2005)……………      82 
6.3.2  Predictions…………………………………..       83 
6.3.3  The experiment………………………………      84 
6.3.3.1 Item analysis…………………………      85 
6.3.4  Theoretical interpretations of the data………      85 
6.3.5  Processing demands from item-specific  
redintegration combined with item  
distinctiveness……………………………….      87     
   6.3.6  A second isolate study………………………      87 
 x 
                   Page
            
6.4  Word frequency effects on phoneme migration in  
mixed lists of words and nonwords…………………      88 
6.4.1  Lexical-semantic effects on phoneme  
migration in serial recall…………………….      88 
6.4.2  The semantic binding hypothesis……………      89 
6.4.3  Predictions…………………………………..      89 
6.4.4  Phoneme migration in mixed lists of words 
and nonwords………………………………..      91 
6.4.4.1 Item analysis…………………………     91 
     6.4.4.1.1 Frequency………………….      91 
     6.4.4.1.2 Imageability……………….      92 
6.4.4.1.3 Lexicality………………….      92 
6.4.5  Phoneme migrations in pure lists of words  
and nonwords……………………………….       92 
6.4.5.1 Item analysis…………………………     93 
6.4.6  Word frequency influences on phonological  
coherence…………………………………....      94 
6.5  Associative and item-based frequency effects in  
serial recall…………………………………………..      96 
  6.6  Conclusion…………………………………………..      98 
Chapter 7 Order Effects and the Loci of Effects for LTM Variables  
in Serial Recall……………………………………………..      99 
7.1  Introduction…………………………………………      99 
7.2  Order effects with LTM variables in serial recall…...     99 
7.3 Factors influencing measurement…………………...    100 
7.4  Tasks measuring serial order………………………..    101 
7.4.1  Serial order reconstruction tasks…………….    101 
7.4.2  Matching span and serial recognition tasks…    103 
7.5  Process dissociation with semantic similarity and  
word frequency……………………………………...    104 
7.6  Other research informing on the loci of LTM  
effects……………………………………………….    106 
 xi 
                   Page 
 
7.6.1  Psychophysiological evidence………………    106 
7.6.2  LTM effects on retrieval processes in serial  
recall…………………………………………    106 
7.7  Distinct item and order processes…………………...    108 
   7.7.1 STM, order and the language processor……..    108 
   7.7.2  A neuroimaging basis to item and order  
mechanisms………………………………….    109 
   7.7.4  A model of STM incorporating separate  
STM capacities and the language processor…   111 
7.8 Summary…………………………………………….    112 
Chapter 8 Computational Models and the Frequency Effect in  
Serial Recall………………………………………………..     113 
8.1  Introduction…………………………………………     113 
8.2  Models of serial order……………………………….     113 
8.3  Models discussed in previous frequency-based  
serial recall research…………………………………    114 
8.3.1  Redintegration-based models………………..    114 
    8.3.1.1 Item-specific models………………...    114 
8.3.1.2 List-based redintegration – The  
Feature model (Nairne, 1990)………..   115 
8.3.1.2.1 A qualitative assessment of  
   the Feature model………….    118 
   8.3.2  Association-based models…………………...    121 
   8.3.3 SIMPLE……………………………………..    121 
  8.4  Conclusion…………………………………………...    124 
Chapter 9 The Interaction of Frequency and Word Concreteness:  
A Review of the Concreteness Effect in Serial Recall……    125 
9.1  Introduction………………………………………….    125 
9.2  The concreteness effect in serial recall………………   125 
9.2.1  Definitions and related terms………………..    125 
9.2.2  The word concreteness effect……………….    126 
    
 xii 
         Page 
 
9.3  Imageability effects in word span and the serial  
recall of supraspan lists…………………..………...        126 
9.4  Concreteness effects in the serial recall of supraspan 
lists…………………………………………………..     127 
9.4.1  Walker and Hulme (1999)…………………...    127 
9.4.2  The concreteness effect in serial recall and  
speech perception and speech production  
tasks: Allen and Hulme (2006)………………    129 
9.4.3  Concreteness effects in serial recall and  
other STM tasks: Romani et al. (2008)……...    129 
   9.4.4    Word concreteness and word valence in  
serial recall: Tse and Altarriba (2009)………     132 
9.5  Conclusion…………………………………………...    133 
Chapter 10 Experiment 1: The Interaction of Frequency and Word 
Concreteness with Visual Presentation and Spoken  
Recall………………………………………………………..    135 
10.1  Introduction………………………………………….    135 
10.2  Method………………………………………………    136 
   10.2.1 Participants…………………………………..    136 
   10.2.2 Materials……………………………………..    136 
   10.2.3 Procedure……………………………………    138 
  10.3 Results……………………………………………….    138 
   10.3.1 Serial recall…………………………………..    139 
10.3.2 Serial position interactions…………………..    140 
10.3.3 Item analysis…………………………………    140 
10.4  Discussion……………………………………………    142 
10.5 Conclusion…………………………………………...    146 
Chapter 11 Experiment 2: The Interaction of Frequency and Word 
Concreteness with Auditory Presentation and Written  
Recall………………………………………………………..    147 
11.1  Introduction………………………………………….    147 
11.2  Method………………………………………………    148 
 xiii 
         Page 
 
11.2.1 Participants…………………………………..    148 
11.2.2 Materials……………………………………..    149 
11.2.3 Procedure…………………………………….    150 
11.3  Results……………………………………………….    150 
11.3.1 Serial recall…………………………………..    150 
11.3.2 Serial position interactions…………………..    152 
11.3.3 Item analysis…………………………………    152 
11.4  Discussion……………………………………………    154 
11.4.1  A statistical analysis of the generalisability  
of the effects found in Experiment 2………...    156 
  11.5  Discussion of Experiments 1 and 2………………….    156 
   11.5.1 Explanatory frameworks…………………….    156 
11.5.2  Differences between the processing of  
frequency and concreteness in serial recall:  
Are they real? ……………………………….    158
 11.5.2.1 The nature of the frequency by  
     serial position interaction…………..    158 
11.5.2.2 Backwards recall…………………...    160 
   11.5.3 Order effects…………………………………    161 
11.5.4 The loci of lexical-semantic effects………….    162 
11.5.5 Interactions between lexical-semantic  
variables……………………………………..     162 
11.5.6 Practical considerations……………………...    163 
11.6  Conclusion…………………………………………..     163 
Chapter 12 Experiment 3: A Replication of  
Hulme et al. (2003, Experiment 2)………………………...    165 
12.1  Introduction…………………………………………     165 
12.2  Experiment 3 – Aims and objectives………………..     167 
12.3  Method………………………………………………     167 
 12.3.1 Participants…………………………………..     167 
   12.3.2 Materials……………………………………..     168 
   12.3.3 Procedure…………………………………….     169 
 xiv 
               Page 
 
12.4  Results………………………………………………     170 
12.4.1  Serial recall………………………………….     170 
   12.4.2  A coarticulation explanation of the  
frequency effect……………………………..     172 
12.4.2.1  Tests of word boundary differences  
for the HF and LF word sets used in  
Experiments 3 – 6…………………...     175 
     12.4.2.1.1 Phonetic analysis…………    175 
     12.4.2.1.2 Transitional probabilities...     177 
   12.4.3  Serial recall with speech rate as a covariate…    178 
   12.4.4 Item analysis…………………………...........     179 
  12.5  Discussion…………………………………………...     182 
  12.3  Conclusion…………………………………………..     184 
Chapter 13 Experiment 4: A Comparison of the Serial Recall of  
Alternating and Half Lists…………………………………    185 
13.1  Introduction…………………………………………     185 
13.2  Method………………………………………………    186 
13.2.1  Participants…………………………………..    186 
   13.2.2  Materials…………………………………….     186 
   13.2.3  Procedure……………………………………     186 
  13.3  Results……………………………………………….    186 
   13.3.1 Serial recall…………………………………..     187 
   13.3.2 Item analysis…………………………………     189 
  13.4  Discussion…………………………………………...     192 
13.5  Conclusion…………………………………………..     194 
Chapter 14 Experiment 5: A Comparison of the Serial Recall of  
Pure and Half Lists………………………………………...     196 
14.1  Introduction…………………………………………     196 
14.2  Method………………………………………………    196 
14.2.1  Participants…………………………………..    196 
14.2.2 Materials…………………………………….     197 
   14.2.3 Procedure……………………………………     197 
 xv 
         Page 
 
14.3 Results……………………………………………….    197 
14.3.1 Serial recall………………………………….     197 
14.3.2 Item analysis…………………………………    199 
   14.4  Discussion…………………………………………...     202 
14.5  Conclusion…………………………………………..     204 
Chapter 15 Experiment 6: A Between-Subjects Comparison of  
Serial Recall Performance for Mixed Lists with Equal  
Numbers of HF and LF Items……………………………..    206 
15.1  Introduction………………………………………….    206 
15.2  Method………………………………………………    207 
 15.2.1 Participants…………………………………..    207 
15.2.2 Materials……………………………………..    207 
   15.2.3 Procedure……………………………………     208 
15.3 Results……………………………………………….    208 
15.3.1 Serial recall………………………………….     209 
15.3.2  Using conditional probabilities to examine  
inter-item effects…………………………….     212 
    15.3.3 Item Analysis………………………………..     215 
  15.4 Discussion…………………………………………...     221 
15.5  Conclusion…………………………………………...    228 
Chapter 16 General Discussion…………………………………………    229 
16.1 Introduction…………………………………………     229 
16.2  STM through the lens of the frequency effect:  
results in context…………………………………….     229 
  16.3 The nature of LTM contribution…………………….     233 
   16.3.1 Late-stage redintegration……………………     233 
   16.3.2 Accounts involving LTM variables prior to  
retrieval……………………………………...     234 
16.4 Recommendations for future investigation: The  
formation of directional and nondirectional  
associativity in serial recall………………………….     236 
16.4.1 A role for rehearsal?…………………………    236 
 xvi 
         Page 
 
16.4.2  Influences from speech production………….    241 
16.4.3 Effects of recall processes…………………...    242 
  16.5 Further investigation within the item memory  
system……………………………………………….     244 
16.5.1 Phoneme binding in lists of mixed  
frequency……………………………………    244 
16.5.1.1 Speech production and semantic  
  binding…………………………….     246   
16.5.2  Coarticulatory influences in lists of mixed  
frequency……………………………………    247 
16.6 Directional and nondirectional associativity … not  
the whole story……………………………………....   247 
16.7 Conclusion…………………………………………..    248 
 
References…………………………………………………………………..    250 
Appendices………………………………………………………………….   271 
  Appendix A: Excel Visual Basic code for the Feature  
          model (Nairne, 1990) – Alternating HL  
          condition………………………………………   272 
  Appendix B: Stimulus sets used in Experiments 1-2………..   279 
  Appendix C: Means and standard deviations of correct  
          recall in Experiments 1-6……………………..    281 
Appendix D: HF and LF stimulus sets used in  
                       Experiments 3-6………………………………    284 
 
 xvii 
List of Tables 
 
 
Table                   Page 
 
 
Table 10.1   Mean proportion of items correctly recalled and mean  
proportions of different error categories by condition in  
Experiment 1………………………………………………………     141 
Table 11.1 Mean proportion of items correctly recalled and mean 
proportions of different error categories by condition in  
Experiment 2……………………………………………………….    153 
Table 12.1 Phonetic characteristics of word boundaries for the HF  
and LF word sets used in Experiments 3-6……………………     176 
Table 12.2 Mean proportion of items correctly recalled and mean 
proportions of different error categories as a function of 
item type and list type in Experiment 3………………………..     180 
Table 13.1 Mean proportion of items correctly recalled and mean  
proportions of different error categories as a function of  
item type and list type in Experiment 4…………………………     190 
Table 14.1 Mean proportion of items correctly recalled and mean  
proportions of different error categories as a function of  
item type and list type in Experiment 5…………………………     200 
Table 15.1 Mean proportion of items correctly recalled and mean  
proportions of different error categories as a function of  
item type and list format in Experiment 6………………………     216 
Table 15.2 Mean proportion of items correctly recalled and mean  
proportions of order and item errors as a function of item 
type, list format, and list half in Experiment 6……………….      219 
Table 15.3 Mean proportions of item errors by item error category as  
a function of item type, list format, and list half in  
Experiment 6………………………………………………………     220 
Table C1 Mean proportion and standard deviation of correct recall  
by serial position and condition in Experiment 1…………….     281 
 
 xviii 
Table                   Page 
 
Table C2 Mean proportion and standard deviation of correct recall  
by serial position and condition in Experiment 2…………….     281 
Table C3 Mean proportion and standard deviation of correct recall  
by serial position and condition in Experiment 3…………….     282 
Table C4 Mean proportion and standard deviation of correct recall  
by serial position and condition in Experiment 4…………….     282 
Table C5 Mean proportion and standard deviation of correct recall  
by serial position and condition in Experiment 5…………….     282 
Table C6 Mean proportion and standard deviation of correct recall  




List of Figures 
 
 
Figure                   Page  
 
 
Figure 3.1  A language-based model of STM with lexical–semantic,  
phonological input and phonological output buffers………..       33 
Figure 4.1  The multinomial processing tree model of Schweickert  
(1993)………………………………………………………..       40 
Figure 8.1  The sampling probabilities and correct recall produced  
from the Feature model (1000 trials)………………………...    120 
Figure 8.2  Correct recall for alternating frequency lists  
(6 items, F = .6) as predicted by the Feature model…………    120 
Figure 9.1  A language-based model of short-term memory. The model  
includes a placeholder at the phonological level to maintain  
the serial order of items……………………………………...     130 
Figure 10.1  Serial recall of words as a function of frequency and  
concreteness with visual presentation and spoken recall……     139 
Figure 11.1  Serial recall of words as a function of frequency and  
concreteness with auditory presentation and written recall…     151 
Figure 12.1  Serial recall of words as a function of frequency and list  
composition in Experiment 3………………………………..     171 
Figure 12.2  Transposition gradients for serial recall as a function of  
word frequency and list type in Experiment 3……………....     181 
Figure 13.1  Serial recall of words as a function of frequency and list  
composition in Experiment 4………………………………..     187 
Figure 13.2  Transposition gradients for serial recall as a function of  
word frequency and list type in Experiment 4……………....     191 
Figure 14.1  Serial recall of words as a function of frequency and list  
composition in Experiment 5………………………………..     198 
Figure 14.2  Transposition gradients for serial recall as a function of  
word frequency and list type in Experiment 5……………....     201 
Figure 15.1  Serial recall of words as a function of frequency and list  
composition in Experiment 6………………………………..     209 
 xx 
Figure                   Page  
 
 
Figure 15.2  The conditional probabilities of continuous (A) and  
recovery (B) recall between consecutive items for list types  
 of mixed list conditions in Experiment 6……………………     214 
Figure 15.3  Transposition gradients for serial recall as a function of  
word frequency and list type in Experiment 6………………     217 
 
 
 
